Objective: Only a few consistent findings on individual foods or nutrients that influence breast cancer risk have emerged thus far. Since people do not consume individual foods but certain combinations of them, the analysis of dietary patterns may offer an additional aspect for assessing associations between diet and diseases such as breast cancer. It is also important to examine whether the relationships between dietary patterns and breast cancer risk are consistent across populations. Methods: We examined the risk of breast cancer with two dietary patterns, identified as ''Vegetables'' (VEG) and ''Pork, Processed Meat, Potatoes'' (PPP), common to all cohorts of the DIETSCAN project. During 7 to 13 years of follow-up, three of the cohorts -the Netherlands Cohort Study on diet and cancer (NLCS), the Swedish Mammography Cohort (SMC), and the Ormoni e Dieta nella Eziologia dei Tumori (Italy-ORDET) -provided data on 3271 breast cancer cases with complete information on their baseline diet measured by a validated food frequency questionnaire. Results: After adjustment for potential confounders, VEG was not associated with the risk of breast cancer across all cohorts. PPP was also not associated with the risk of breast cancer in SMC and ORDET, but a high PPP score tended to be inversely associated with breast cancer in the NLCS study (RR = 0.69; 95% CI, 0.52-0.92, highest versus lowest quartile). PPP differed in one aspect between the cohorts: butter loaded positively on the pattern in all cohorts except NLCS, in which butter loaded negatively and appeared to be substituted by low-fat margarine loading positively. Conclusion: In general, the dietary patterns showed consistent results across the three cohorts except for the possible protective effect of PPP in the NLCS cohort, which could be explained by a difference in that pattern for NLCS. The results supported the suggestion derived from traditional epidemiology that relatively recent diet may not have an important role in the etiology of breast cancer.
Introduction
Breast cancer is the most common female malignancy in the world, and in recent decades its incidence rate has consistently increased [1] . Much of the international variation in breast cancer rates is explained by differences in reproductive and hormonal factors. Although it has been estimated that dietary factors may account for about 30% of cancers in industrialized countries [2] , studies on diet and breast cancer risk have uncovered few definite effects and left much uncertainty [3] . Alcohol consumption increases the risk of breast cancer [4, 5] , but the findings for other dietary variables including meat, dairy products, fruit, vegetables, fat, fiber and phytoestrogens are inconsistent [3] .
Most epidemiological studies on diet and cancer are based on intakes of individual food items or nutrients. This type of approach, however, does not take into account the complexity of human diet, such as the large number of candidate foods, and intercorrelation between dietary components [6] . As a consequence, the analysis of dietary patterns offers an additional dimension to assess associations between diet and diseases [7] [8] [9] . Overall, dietary patterns may have a greater effect on health than any individual food item or nutrient, and are more useful in determining public health recommendations [10] .
Exploratory factor analysis is a statistical method to define dietary patterns. The aim of the method is to compress detailed dietary data into a few specific dietary patterns by analyzing their covariate structure [11] . Thus far, certain dietary patterns have been significantly associated with total mortality [12] , coronary heart disease [8, 13] , diabetes [9] and different cancer sites [7, [14] [15] [16] [17] [18] [19] [20] . Dietary patterns have also been related to biochemical indicators [8, 21] , and they are more effective than specific nutrients in clinical trials [22, 23] . Thus, analysis of dietary patterns is a good candidate approach for further research in order to complete the findings of traditional nutritional epidemiology [10] .
Exploratory factor analysis has been criticized because the dietary patterns may be unique to a single population but not to be applicable across other populations [24, 25] . To date, no study has examined whether dietary patterns and risk of breast cancer are consistent across different populations. The primary aim of the greater DIETSCAN project was to develop and apply a common methodological approach to study dietary patterns and cancer in four European cohort studies: the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study in Finland (ATBC), the Netherlands Cohort Study on diet and cancer (NLCS), the Ormoni e Dieta nella Eziologia dei Tumori in Italy (ORDET), and the Swedish Mammography Cohort (SMC) [26] . The specific study described in this paper examined whether dietary patterns derived from a common approach and risk of breast cancer are consistent across different populations; and whether dietary patterns contribute additional information to the investigation of diet and breast cancer over looking at single nutrients or foods reported previously in the literature. This study on breast cancer risk included the three of cohorts (NLCS, ORDET and SMC) with female participants, and thus provided breast cancer data. The data were not pooled but results were analyzed in each cohort separately using the same predefined strategy.
Subjects and methods

Study population
Four European cohort studies included in the greater DIETSCAN project were selected because they met the following criteria: prospective cohort study designed to investigate the effects of diet on risk of various cancers, complete dietary assessment including the entire diet, and a validation study of the dietary assessment method. Three of these cohort studies (NLCS, ORDET and SMC) who had female participants were included in this specific breast cancer study ( Table 1 ). The NLCS study on diet and cancer is a population-based cohort study of 62,573 women (and 58,279 men), selected from 204 Dutch municipalities [27] . The participants were between 55 and 69 years of age when the study began in 1986. Because of the case-cohort design, a random subcohort of 1812 women (and 1688 men) was sampled from the cohort after the baseline exposure measurement. Because of missing or inconsistent dietary data, the analyses are based on data of 3123 subcohort participants (1598 women and 1525 men). Only the 1598 women in the NLCS are used in this analysis of diet patterns and breast cancer risk. The ORDET study is a cohort study on hormonal factors and diet related to breast cancer risk in Italian women, aged 34 to 70 years [28] . The cohort consisted of 10,788 healthy volunteers recruited between 1987 and 1992. The SMC study is comprised of 66,651 women from two counties in central Sweden [16, 29] . The participants were between 40 and 74 years of age when they were invited to participate in a population-based mammography screening program in 1987 to 1990.
All invasive breast cancer cases were identified through national or local cancer registers and were histologically confirmed. In all, the cohorts included 3271 breast cancer cases with complete information on their diet (Table 1) .
The NLCS study was approved by the institutional review boards of the TNO Toxicology and Nutrition Institute (Zeist) and the University of Maastricht in the Netherlands. The ORDET was approved by the Ethical Review Board of the Italian National Cancer Institute in Italy. The SMC study was approved by the Institutional Ethics Committee at Uppsala University and at Karolinska Institute (Stockholm) in Sweden.
Food grouping and assessment of dietary patterns
The validated semi-quantitative FFQs used to collect dietary data at baseline [28, 30, 31] differed in the number of food items, reference period, units of frequency and quantification of portion size, and overall level of detail (Table 2 ). To achieve the objective of the DIETSCAN project, a common food grouping was developed [26] . Food items from the FFQs were aggregated into 51 food groups that included foods common to all countries as well as specific foods included in each FFQ. These food groups were selected because of their role in the diet and possible relevance to cancer etiology.
To identify dietary patterns within each cohort separately, exploratory factor analysis using principal component analysis was conducted using the average daily amount (gram) consumed of the FFQ-derived food groups for each country. Factor analysis aggregates correlated variables as uncorrelated factors (patterns), explaining as much of the variation in the original variables as possible. Those food groups that were extremely skewed (more than 75% non-users) were dichotomized. Factors were rotated by orthogonal Varimax transformation. The Scree test, the traditional criteria in factor analysis, was used to determine the number of factors to extract within each cohort (i.e., 5 for NLCS, 4 for ORDET and 4 for SMC) [26] .
While labeling the factors, food groups with absolute factor loadings ‡0.35 were considered as contributing substantially to a dietary pattern (Appendix Table A ). Factor loadings represent correlation coefficients between food groups and dietary patterns. Food groups with positive loadings are positively associated with a dietary pattern; food groups with negative loadings are inversely associated with a dietary pattern. Names of dietary patterns (for illustration, ''Vegetables'' and ''Pork, processed meat, potatoes'' shown in Appendix Table A) within each cohort were determined according to the dominant foods (i.e., foods with high loadings) in the respective patterns. Further details regarding the food grouping and dietary pattern assessment, and related sensitivity analyses conducted in the DIET-SCAN study, are provided by Balder et al. [26] .
Risk analyses
Within ORDET and SMC, Cox proportional hazard models were constructed to estimate hazard ratios and 95% confidence intervals (95% CI) relating the common factors to the incidence of breast cancer. NLCS used survival analysis with exponential distribution to estimate the standard errors using the robust option to account for additional variance introduced by the case-cohort design. Prior to statistical analysis, factor scores were determined using the regression method by Bartlett [32] . Thus, within each cohort, each participant had a unique score for each factor. High scores represented high intake of food items with positive loading on the corresponding dietary pattern while low scores represented low intake of those items. The factor scores were entered into the statistical models as continuous (i.e., one estimate per factor), as grouped (i.e., quartiles), and grouped continuous with medians (i.e., each group assigned the median value within each group) to test for linear trend. The models were adjusted for other factors, including age, energy intake, and other potential confounding variables (listed in Tables 3 and 4) determined by previous analyses of diet and breast cancer risk conducted within each cohort [16, 28, 29, 33] . Previous analysis [26] showed that energy adjustment of the food group variables by the residual method yielded comparable factor solutions, so the study-specific factor scores remained unadjusted but energy intake was added to the models as a continuous variable. All reported p values are two-sided.
Results
The participants of NLCS were on average older (61.4 ± 4.3 years) than the women in the two other cohorts (48 ± 8.5 years in ORDET and 53.7 ± 9.7 in SMC) ( Table 1 ). The participants of SMC had more lifetime oral contraceptive use, whereas the participants of ORDET had less lifetime hormone replacement therapy, and had later age at first birth than participants in the other cohorts. A third of ORDET participants had a history of benign breast disease; they were volunteers recruited from the general population through public meetings, by advertising, and among women attending breast cancer prevention units for early diagnosis.
Using the same factor analysis procedure, we identified four to five dietary patterns in the NLCS (5), ORDET (4) and SMC (4) explaining 23.2%, 29.0% and 21.8% of the total variance in the original dietary variables, respectively ( Table 2) . Two of the dietary patterns were consistent across the cohorts. The first (Vegetables -VEG) pattern was characterized by high intakes of vegetables, legumes, fruit, pasta, fish and oil (Appendix Table A) . VEG contributed to the total variance, ranging from 6.3% a The same food grouping was used across the cohort studies (food items from the FFQs were aggregated into the 51 food groups). However, because of some missing food items, the true number of aggregated food groups was below 51 in each cohort study.
in NLCS to 11.6% in ORDET ( Table 2 ). In the ORDET study, another unique factor was extracted covering mainly ''other'' cooked vegetables. The second (Pork, Processed meat, Potatoes -PPP) pattern was characterized by higher intakes of pork, beef, processed meats, potatoes, rice, poultry, liver, butter/low-fat margarine, pasta and coffee (Appendix table A). PPP contributed from 4.3% in NLCS to 7.4% in ORDET (Table 2) to the total variance. Table 3 shows the differences in food and nutrient intake for each factor. The total amounts consumed of these foods and nutrients (g/day) are usually associated with daily energy intake ( Table 2) .
There were no significant associations between VEG and breast cancer risk in any of the cohorts when all breast cancer cases were included ( Table 4 ). The multivariate continuous models and quartile models of VEG showed very similar risks compared with the models adjusted only for age and energy; RR = 0.90 (95% CI, 0.67-1.20, comparison of the highest versus lowest quartile) in NLCS, RR = 0.79 (95% CI, 0.50-1.27) in ORDET, and RR = 0.93 (95% CI, 0.81-1.07) in SMC. When postmenopausal women were analyzed separately in ORDET, the results for VEG were similar to the overall results based on all women (data not shown).
In the age-and energy-adjusted model, PPP was not associated with the risk of breast cancer in ORDET and SMC (Table 5) . Further adjustment for other factors related to breast cancer did not change these results; RR = 1.07 (95% CI, 0.58-1.98, comparison of the highest versus lowest quartile) in ORDET, and RR = 0.92 (95% CI, 0.78-1.09) in SMC. However, an inverse association between PPP and breast cancer risk was found in NLCS. When PPP was used as a continuous variable, the risk of the multivariate model was 0.90 per unit of the factor score (95% CI, 0.81-0.99), whereas the risk of breast cancer was 0.69 (0.52-0.92) when the highest quartile of PPP was compared with the lowest quartile. When postmenopausal women were analyzed separately in ORDET, PPP was not associated with the risk of breast cancer (data not shown).
Discussion
Two common dietary patterns, one consisting mostly of vegetables (VEG), and one of pork, processed meat and potatoes, were identified with the same factor analysis procedure across three cancer cohorts in the Netherlands, Italy and Sweden [26] . Similar to previous studies [7, 18] , VEG represents individuals with a healthier diet and lifestyle, whereas individuals with a high PPP pattern score have more traditional or less healthy lifestyle factors. In general, the observed dietary patterns were not associated with the risk of breast cancer, although a high PPP pattern score was protective for breast cancer in the NLCS cohort.
High consumption of fruit and vegetables rich in fiber, antioxidants, flavonoids and phytoestrogens has been related to decreased risk of all cancers [34, 35] . The association, however, has been more consistent for cancers of the lung and colon than for hormone-related cancers. The previous studies from NLCS and SMC did not find a strong role for the intake of vegetables, fruit, fiber or vitamins in the etiology of breast cancer [29, 36, 37] . A pooled analysis of eight large cohort studies also did not strongly associate high intake of fruit and vegetables with the risk of breast cancer [38] . Our study supported the results that a dietary pattern rich in vegetables and fruits but also characterized by other associated foods as oil and fish, generally considered healthy, was not significantly related to decreased risk of breast cancer.
Epidemiological studies have been inconsistent in their findings concerning breast cancer risk and specific high-fat foods, such as meat [39] [40] [41] . No association was observed between meat consumption and breast cancer risk in a pooled analysis of eight cohort studies [42] . Because of the findings that high consumption of a The factor scores in the linear models are standardized variables with a mean of zero and a standard deviation of one. b Person-years in NLCS are from the subcohort only. c Multivariate model includes age, body mass index, height, education, smoking (current smoking status, number of cigarettes/day, years smoked), family history of breast cancer, age at menarche, age at menopause, age at first birth, ever use of oral contraceptive, ever use of hormone replacement therapy, alcohol intake and energy.
d Multivariate model includes age, body mass index, height, education, smoking (status), family history of breast cancer, ever use of oral contraceptive, ever use of hormone replacement therapy, alcohol intake and energy.
e Multivariate model includes age, BMI, education, family history of breast cancer, age at first birth, parity, alcohol intake and energy. a The factor scores in the linear models are standardized variables with a mean of zero and a standard deviation of one. b Person-years in NLCS are from the subcohort only. c Multivariate model includes age, body mass index, height, education, smoking (current smoking status, number of cigarettes/day, years smoked), family history of breast cancer, age at menarche, age at menopause, age at first birth, ever use of oral contraceptive, ever use of hormone replacement therapy, alcohol intake and energy.
e Multivariate model includes age, BMI, education, family history of breast cancer, age at first birth, parity, alcohol intake and energy.
olive oil has been associated with decreased risk of breast cancer [43, 44] , it has been suggested that the type of fat may be more relevant in the development of breast cancer than the total amount of fat. The SMC study found an inverse association between monounsaturated fatty acids and breast cancer [31] , whereas total fat and animal protein were positively associated with the risk of postmenopausal breast cancer in OR-DET [28] . In the DIETSCAN project, the unexpected result of PPP as a protective factor against breast cancer in NLCS may be explained by the type of fat consumed; butter that is rich in saturated fatty acids loaded negatively and appeared to be substituted by low-fat margarine, which is rich in unsaturated fatty acids and consequently healthier.
Although factor analysis has its strengths, it has also been criticized for the lack of generally agreed criteria [45] . The method is based on many subjective decisions on the selection of food groups including the number of factors extracted, the method of rotation and the labeling of dietary patterns; all are factors that can affect the interpretation of results [24] . Although we used a standardized procedure across all cohorts and used the same food grouping [26] , there were some differences between the analyses concerning, for example, some missing foods in FFQs. In the Western New York Diet Study, the number of food groups did not affect the number or character of the dietary patterns. The reduced information on diet, however, attenuated the association between the healthy dietary pattern and endometrial cancer risk but not the association for the high-fat pattern [14] . The ORDET study, however, found a stronger inverse association (RR = 0.66; 95% CI, 0.46-0.94) between risk of breast cancer and the salad vegetables pattern (mainly consisting of mixed vegetables in salad, raw leafy vegetables, raw tomatoes, raw carrots and olive oil) based on a larger number of food groups than used in the DIETSCAN project [19] . The longer list of food groups may better identify the cultural dietary habits than the shorter list, for example, by separating raw from cooked tomatoes and other vegetable oils from olive oil (cooked tomatoes and olive oil are foods used in traditional Italian dishes). In our study, however, a major task was to ensure that the endpoints, confounders and dietary data were as similar as possible across all the cohort studies [26] .
The identified common dietary patterns seemed to agree with the patterns found in previous studies [11] . The common patterns were reproducible in all four cohorts (including the ATBC cohort which did not contribute breast cancer cases to this study) [26, 46] , and were identified in one-half of each data set and reproduced in the other half of the respective data set [26] .
Although the simple age-and energy-adjusted models were uniform across the cohorts, the multivariate models reflected differences in sociodemographic and behavioral data available from each cohort. For example, SMC did not collect data on pre/postmenopausal status, physical activity, and smoking. It is also important to keep in mind that patterns common to different cohorts include some differences in the consumption of specific foods.
All cohorts in this study used a validated semi-quantitative FFQ to assess the participants' whole diet over the previous 6 (SMC) or 12 months (NLCS and ORDET). Although the FFQ has proved to be a reasonably good method in large epidemiological studies, the measured dietary variables may involve substantial error [47] [48] [49] . It is possible that the dietary pattern approach attenuates the associations between dietary factors and diseases compared to the approach with individual food items. This could happen if one or more specific foods or nutrients are related to cancer risk. However, if it is the overall combination of foods (i.e., dietary patterns) which is related to risk, the pattern approach would show the strongest relationships. Two studies have found reasonable reliability and validity of the major dietary patterns defined by factor analysis with data from FFQs [50, 51] . The authors concluded that the dietary pattern approach might be used in nutritional epidemiology as an alternative method of dietary assessment.
Another challenge in investigating breast cancer is to define the most sensitive period in a woman's lifetime in terms of development of disease. It has been speculated that the period between menarche and the first full-term pregnancy is particularly important because of the changes in the breast tissue during that time [52] . Food frequency questionnaires used in large cohort studies have not typically covered that period of life.
Statistical analyses have a key role in nutritional epidemiology to support the objectivity in the interpretation of results [24] . Less common methods, such as factor analysis, are useful to combine the information on many dietary variables to describe associations of overall dietary patterns with diseases [11] . The DIET-SCAN project, however, did not associate VEG or generally PPP with the risk of breast cancer. The results supported the suggestion derived from traditional epidemiology that adult diet may not have an important role in the etiology of breast cancer.
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